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ASSAY FOR AND TPFATMENT OF AUTOTMMTTM* ; DTRPa.Qffc 
Acknowl edament 

This invention was made with U.S. Government support in 
5 the form of a grant from the National Institutes of Health 
The Government has certain rights in this invention. 
Field of t he Tnvpn-t- S or, 

The present invention relates generally to advances 
made in the field of autoimmune disease prognosis, diagnosis 

10 and treatment. More particularly, the present invention is 
directed to certain assays for, and consequent treatment of 
autoimmune diseases based upon the identification and 
characterization herein of a unique ion channel aberration 
found to be associated with abnormal T cells linked to such 

15 diseases. Assays, prognostic markers and therapeutic 
modalities for such autoimmune disease states are defined 
and described. 
Background of th e Invenfinn 

Autoimmune diseases have been the subject of widespread 

20 press attention because of the considerable morbidity 
worldwide that they cause. Autoimmune diseases include 
rheumatoid arthritis, type-1 diabetes mellitus (insulin 
dependent), multiple sclerosis, myasthenia gravis, systemic 
lupus erythematosus, Sjogren's syndrome, mixed connective 

25 tissue disease, experimental allergic encephalomyelitis 
(EAE), to name a few. Considerable research has been 
expended and is currently underway in order not only to 
devise a treatment or prophylaxis against such devastating 
diseases, but also to study the underlying etiology (ies) 

30 such that a better understanding can be gained as to common 
denominators, if any, that would more directly focus a plan 
of attack for conquering them.* 

in most cases, it is believed that autoimmune diseases 
result from abnormal cells of the immune system destroying 

35 target tissues, either by direct killing or by producing 
autoantibodies. One may focus for exemplification on 
historic autoimmune diseases. One such is the so-called 
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systemic lupus erythematosus (SLE) . m SLE, abnormal B- 
lymphocytes produce anti-DNA antibodies that are positively 
charged and aggregate on negatively charged kidney cells 
causing inflammation and nephritis, which is symptomatic of 
5 SLE. In diabetes mellitus, abnormal T cells systematically 
destroy pancreatic islet cells such that they prove 
incapable of producing insulin, a necessary hormone for 
proper metabolic balance in an organism. in multiple 
sclerosis, abnormal T cells are believed to damage myelin 

10 basic protein, a major component of nerve cells, which 
systematically destroys certain nerve cells, causing a 
spectrum of neurological symptoms. in the autoimmune 
diseases studied to date, there seems to emerge a common 
pattern of abnormal immune system cells producing materials 

15 that either destroy or retard certain target tissues 
causing symptoms manifest for that disease state. 

Current treatment for these diseases remains on an 
empirical level and is based on causing generalized 
immunosuppression, either with steroids or other 

20 immunosuppressive drugs. This therapeutic approach is also 
fraught with other problems including associated severe 
side effects. Further, they serve only to retard the 
natural progression of these autoimmune diseases. 
Effective therapeutic treatment, to say nothing of a cure, 

25 is beyond present day medical technology. The aberrations 
in the immune system resulting in these various autoimmune 
diseases are not well understood, despite the extensive 
research that has taken place in this field. See 
Theofilopoulos, et al. . Adv. Immunol . 37 . 269 (1985), for 

30 example. 

Research has focused on the use of various murine 
models that have provided considerable insight into the 
pathogenesis of the disease states, although the clinical 
syndromes and immunological abnormalities vary considerably 
35 from strain to strain, making them less than perfect 
studies. Thus, a common underlying cellular or molecular 
defect that is common to all these diseases has not been 
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identified, if indeed there is even a suggestion in the 
extant art that one exists. 

Studies by several investigators have demonstrated 
that injection of antibodies against CD4+CD8" T cells 
5 prevents, and in some cases retards, the onset of certain 
autoimmune diseases in certain murine models. see 
Theofilopoulos et al., Adv. Immunol . 37 r 269 (1985) ; Wofsy 
et_al^, J. Exp. Med. 161, 378 (1985); Wofsy et al . r 
Immunol. 136/ 4554 (1986) ; Wofsy et al. . J. Immunol. 134 

10 852 (1985); Santoro et al., J. Exp. m<»H. i*j7, 1713 (1988) . 
Waldor et al. . Science 227, 415 (1985) ; Ranges et al. . L 
Exp. Med. JL62., 1105 (1985) ; Christadoss et al. . J. Immunol. 
136, 2437 (1986) ; and Sriram et al. . J. Immunol . i 3 6 . 4464 
(1986). This treatment also results in the reduction of a 

15 subpopulation of CD4~CD8- T cells. In cumulative effect, 
these data may point to a common underlying mechanism 
mediated by CD4 + CD8~ T cells and/.or CD4"*CD8"" t cells. See 
Santoro, et al. , J . Exp. Med. 167 . 1713 (1988.) . 

Existing evidence may further suggest reasons 

20 attending the role CD4~CD8- T cells play in the induction 
of SLE, for example. First, these cells from diseased SLE 
mice induce B cells to secrete pathogenic anti-DNA 
autoantibodies in vitro, whereas the same cells from normal 
mice or from pre-autoimmune mice do not exhibit this 

25 property. Datta, et al., J. Exp. Med . i 6 5 f 1252 (1987); 
Sainis et al. , J . Immunol . 140, 2215 (1988). Second, the 
onset of SLE is greatly accelerated in mice that have a 
severe lymphoproliferation of such cells due to the 
expression of the autosomal recessive mutations lpr or aid . 

30 See Theofilopoulos, et_al. , Supra. Third, patients with SLE 
nephritis have an expanded CD4~CD8~ T cells population in 
their blood that induces secretion of autoantibodies. 
Shivakumar et al., FASEB J. 3, A492 (No. 1548) (Feb. , 1989) 
and Datta, Federation of American Societies for Experimental 

35 Biology Summer Conference on Autoimmunity at Saxton's River, 
Vermont, 3-8 July, 1988. Cumulatively, these data may 
suggest that CD4~CD8- T cells mediate in some fashion 
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autoimmune disease, contributing to the development of the 
disease. However, thus far, no marker or alteration or 
aberration that is unique to the abnormal CD4~CD8~ T <:ells 
related to autoimmunity, has been identified. 
5 It was previously reported that K+ channel expression 

in proliferating CD4"CD8" T cells from mice with lpr 
mutations was dramatically altered. Chandy, et al - , 

Science 233. 1197 (1986). That research resulted in the 
association of an abnormal pattern of ion channel 

10 expression with ^n SUE prone genetic defect in cells of the 
immune system, associated with abnormal 
lymphoprolif eration . 

The next step was to determine whether the same 
abnormal expression pattern could be observed for cells 

15 from mice that were not genetically predisposed to SLE, as 
were the murine models of Chandy, et al . r Supra . Thus, in 
Grissmer, et al . . Journal of Immunology 141 , 1137 (1988), 
murine models that were not prone for SLE, developed 
similar abnormal expression patterns associated with the 

20 onset of SLE and lymphoprolif eration. Thus, while in 
Chandy, et al . , Supra . abnormal overexpression of type 1 K 4 " 
channels in SLE prone murine models was thought to be a lpr 
mutation dependent abnormality of the immune system, in 
Grissmer, et al . , Supra , similar proliferation of type 1 K+ 

25 channels in mice with two distinct mutations ( lpr and gld ) 
indicated either that such overexpression was somehow 
associated with SLE itself or to simple lymphoprolif eration 
symptoms. See also Lewis, et al . . Science 239 , 771 (1988) 
and DeCoursey, et al . , Nature 307 . 465 (1984). 

30 Theofilopoulos, et al - . in Advances in Immunology 37 . 

269 (1985) , a review article, suggest that the disease 
profile in the lpr and aid murine models does not resemble 
any known variant of human SLE. Theofilopoulos, et al . 
suggest that a clear correlative model is necessary. 

35 It is thus a goal in the art to perform experiments 

with more representative models in order to establish 
whether, and if so how, abnormal immune cell proliferation 
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and ion channel expression is related etiologioally to 

autoimmune diseases. 

Therefore, present attention focused on the ion 
channel itself. Three types of ion channel types 
classified pharmacologically and electrophysiological^ ' 
were identified, the so-called n, n< and 1 types. T cells 
in the peripheral lymphoid tissues for present purposes 
are characterized into relevant types: CD4+CD8", CD4'~ 
CD8+, CD4-CD8-. The CD4 + CD8~ cells are thought to express 
approximately 20 n channels per cell and are believed to 
have no n' and 1 channels. CD4-CD8+ T cells are thought to 
have about 20 and 1 channels per cell and no n channels. 
And CD4 CDS- T cells are believed to express about 20 
channels per cell, all three types being represented. m a 
normal immune response reflecting induction of activity 
such as with mitogens, the n channel types are increased 
upwards of ten fold in the cells that are activated. Thus 
normal T cells when stimulated by mitogens, show as a 
normal immune response elevation in the number of n 
20 channels Blocking these n channels, for example with" 
tetraethyl ammonium (TEA) , would serve to shut down and 
effectively block an immune response. Abnormal T cells may 
also be subject to a similar blockage. However, such 
abnormal T cells are represented by double negative CD4" 
25 CDS- cells, manifesting a proliferation of type I channels 
that seem implicated in the induction of autoimmune disease 
states. Type 1 k+ channels are not use dependent, dose 
more rapidly on repolarization than do n channels and are 
much more sensitive to blockage, for example by TEA. Xt 
30 was the goal of the present research to establish a link 
xf any, hence an etiology between abnormal ion channel 
expression in immune cells and systemic symptoms of 
autoimmune disease. 
Summary of the Invention 
35 The threshold experiment establishing the 

aforementioned link was performed with murine models that 
are representative of human SLE, namely murine models 
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NZBxNZW, NZBxSWR, BXSB-Yaa and MRL-+/+* In these models, 
it was found that in the case of SLE, as one example of an 
autoimmune disease, the unique pattern of type 1 K + channel 
expression in CD4"CD8" T cells was associated with the 
5 onset of SLE, rather than it being a result of abnormal 
lymphcprolif eration. Thus, the link was established 
eliminating the possibility that what was being observed in 
earlier studies was simply symptomatic of the 
lymphoprolif erative autoimmune disease. 

10 The present invention is predicated upon the 

identification and characterization of an etiology of 
autoimmune diseases, represented by SLE, type-1 diabetes 
mellitus, experimental allergic encephalomyelitis (EAE) , 
and others, namely, that all such autoimmune diseases 

15 demonstrate the presence of abnormal CD4"CD8" T cells 
expressing large numbers of type 1 K 4 " ion channels. Thus, 
such channel expression parallels the ability to induce 
autoimmunity. Having established such a link as a 
predicate of the present invention, it intellectually 

20 follows that the present invention is directed to several 
consequential aspects: 1) an assay for diagnosing 

autoimmune diseases by measuring the relative numbers of 
type 1 K+ channels in abnormal CD4~CD8 T cells, 2) an 
assay for testing extrinsic materials for their ability to 

25 selectively modulate type JL channels in abnormal CD4" 
CD8" T cells, 3) selected identified extrinsic materials 
used as principals in drugs regimens to treat systemically 
the target autoimmune disease, and 4) associated test kits 
and other embodiments germane to these aspects* 

30 Thus, the present invention is predicated upon the 

identification and characterization of a diagnostic marker 
for autoimmune diseases, that leads to a diagnostic and a 
therapeutic target for such diseases. This predicate makes 
possible the identification of the etiology of a given 

35 autoimmune disease state, an assay to detect presence of 
the marker, an assay to identify (selective) modulators of 
the marker, suitable modulators identified from such an 
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assay and therapeutic modalities based upon such modulators 
(drugs) and/or specific antibodies raised against type 1 K+ 
channels of abnormal CD4~CD8~ T cells. 

Thus, the quintessence of the present invention 
5 enables in turn the consequence that the identified 
elevated numbers of type 1 K+ channels in abnormal CD4~ 
CD8- T cells can be exploited by a method of screening for 
extrinsic materials having a modulating effect on such 
channels comprising providing an in vii-m system containing 

10 elevated type 1 K+ channels of abnormal CD4""CD8"~ T cells, 
challenging such cells with one or more of a battery of test 
materials having the putative potential to modulate said 
type i K + channels, monitoring the effect of said test 
materials on said type 1 K+ channels and selecting 

15 candidates capable of modulating type X K+ channels. 

The present invention is also directed to a method for 
diagnosing an autoimmune disease comprising providing t 
cells containing K+ channels from a test individual, 
identifying abnormal T cells from among the population of 

20 the provided T cells, measuring the relative numbers of 
type 1 K+ channels of the abnormal cells, and determining 
whether said type 1 K+ channels are elevated over normal. 

The present invention is additionally directed to a 
method for treating autoimmune diseases that are 

25 symptomatized by elevated numbers of type i K+ channels in 
abnormal CD4 "~CD8 "~ T cells of the immune system of the 
organism manifesting said autoimmune disease which 
comprises contacting said organism and/or said immune cell 
system with an extrinsic material having a modulating 

30 effect on said type 1 K+ channels, such materials 
optionally identified via the assay system described supra. 
In particular, the present . invention is directed to a 
method of treating autoimmune diseases as described above 
selectively without disturbing type n and n' ion channels 

35 expression characteristic of normal immune response 
comprising treating an organism, or cells as described above 
with, as an example, tetraethyl ammonium (TEA) or such 
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other selective modulator defined and optionally selected 
via the assay described supra . 

The present invention is further directed to kits 
containing associated structure, reagents and means to 
5 conduct diagnostic or screening assay as described supra . 

Further, the present invention is directed to the 
foregoing aspects in all of their associated embodiments as 
will be represented as equivalents within the skill of 
those in the art. 

10 The present invention is thus directed to the 

identification, management and control of autoimmune 
diseases, including: 

(1) use as a prognostic tool, for example, by making 
reactive antibodies to the type 1 K+ channels and measuring 

15 the numbers thereof, and/or 

(2) selectively screening for, preferably selective, 
modulators of type 1 K+ channels for use as a diagnostic, 
and/or 

(3) blocking, retarding or eliminating selectively 
20 type i K+ channels for use as a therapeutic. 

In respect of the above, it is contemplated that one 
could link a reactive antibody with a cell toxin such that 
the antibody would locate and bind to a type 1 K+ channel 
of an aberrant CD4-CD8~ T cell (responsible for an 
25 autoimmune disease) and thereby place the cell toxin, e.g., 
ricin, in close proximity to the target abnormal cell with 
consequential cytotoxic activity. One could use Psoralen to 
image the aberrant target cells followed by activation to a 
cytotoxin. 

30 The present invention is illustrated herein by use of 

murine models representative of human etiology. Evidence 
for this lies in the fact that (1) CD4~CD8~ cell types 
induce, in all systems studied, abnormal autoimmune disease 
causing cells and (2) type 1 K+ channels are known to exist 

35 in humans. See Shapiro et al . . Biophysical Journal 53, 
550a, No. W-Pos203 (1988). By virtue of the present 
invention using such murine models, there has been found an 
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established link to autoimmune diseases of elevated type 1 
K channels in abnormal t cells; therefore, the present 
invention is translatable to immune systems having CD4 and 
CDS T cells bearing type 1 K+ channels, for example, as 
found in humans. 

Detailed Descriptio n of th» invention 

The present invention is illustrated using 
characteristic murine models that establish, with proper 
correlation and translation into the human system, that 
type 1 K+ channels are elevated in abnormal CD4~CD8~ T 
cells on onset of a given autoimmune disease. Illustrative 
autoimmune diseases tested were SLE, type-l diabetes, and 
EAE, all with characteristic murine models. Because the 
present research is so properly based, given the instant 
disclosure of how to assay for and diagnose and treat an 
autoimmune disease, one skilled in the art will well enough 
know how to carry out such endeavors using the human system, 
when it is possible to proceed in this manner unhampered by 
regulatory impediments. 
20 x * Brief Descriptio n of th<* Drawing s 

Figure l: k+ channel expression in splenic and lymph 
node derived CD4-CD8-<rhy-l. 2+ T cells in normal mice and 
mice with SLE, type 1 diabetes mellitus, or experimental 
allergic encephalomyelitis (EAE; a model for multiple 
25 sclerosis). 

Figure 2: K+ channel expression in splenic and lymph 
node CD4-CD8-Thy-1.2+ T cells in young and old SLE mice. 

Figure 3: Whole cell K+ currents in CD4-CD8- T hy-i 2+ 
T cells in normal mice (left) and mice with collagen 
30 arthritis (right). Top, K+ currents were elicited with 
200 ms depolarizing pulses to 40 mv from a holding 
potential of -80 mV. Pulse interval was 1 s to assay 
cumulative (use-dependent) inactivation . Note the 
different current scale. Bottom, tail currents were 
elicited by voltage steps to -60 and -30 mV after a 15 ms 
prepulse to 40 mV. Note the different current and time 
scale. 
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Figure 4: Maximal IT*" conductance (g K ) of CD4"*CD8~Thy- 
1.2 + T cells: a, , , represent n, 1, fil K+ channel types. 
These data are shown as mean ± SD. b, Percentage of cells 
with g K > 1000 pS of type 1 K+ conductance. Data for 
5 normal mice are pooled together from C3H, C57BL, BALB/c, 
and DBA/1-LACJ (uninjected) . 

Figure 5: Maximal K+ conductance (g K ) of CD4+CD8" and 
CD4 _ CD8 + T cell subsets in normal mice and mice with 
collagen arthritis. a, i, • represent n, 1, n^_ K+ channel 
10 types. 

Figure 6: Maximal K+ conductance (g K ) of CD4~CD8~Thy- 
1.2+ T cells in uninjected DBA/1-LACJ mice, BAIjC/c mice 
injected with heat-killed E. coli, and DBA/1-LACJ mice 
injected with CFA at day -26, -62 and -26, -26 and -2. Day 
15 0 refers to the day the electrophysiological experiments 
were performed. a, ■, « represent n, i, n/_ K+ channel 
types. 

2. Definitions 

By the term "extrinsic material" herein is meant any 

20 entity that is not ordinarily present or functional with 
respect to type 1 id" channels and/ or abnormal T cells and 
that affects same. Thus, the term has a functional 
definition and includes such identified entities as 
hormones; toxins; growth factors/ cytokines; secondary 

25 messenger modulating substances; organic compounds and 
inorganic compounds; agents that indirectly impact on the i 
channel through effects on intracellular second messengers, 
or other channels, or membrane potential or receptors; cell 
types targeted to type 1 channels or abnormal CD4~CD8- T 

30 cells; genetic manipulation products impacting on 1 channels 
or on CD4-CD8- T cells; or bacterial or viral materials that 
impact on CD4~CD8" T cells having many 1 channels. 

By the term "modulating effect" or "properties", or 
grammatical equivalents, herein is meant both active and 

35 passive impact on type 1 K+ channels and/or abnormal T 
cells. These include, but shall not be construed as 
limited to, blocking the channel or the function of the 
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channel protein(s), reducing the nvmber of lo „ channels per 
cell and use of secondary cell(s) or channel (s, to impact on 
a primary abnormal cell. 

By the term "monitoring" i n respect of effect of test 
5 materials on type 1 K*~ channels and/or abnormal T cells 
herein is meant any method known or devised for measuring 
the impact of a test material on said channels/cells 
These include, but shall not be construed as limited to 
measuring current, measuring membrane potential, measuring 
flUX ' SUCh as with radioactive tracers, measuring K+ 
concentration and measurements of indirect consequences to 
other receptors, second messengers and/or channels. 

The term "autoimmune disease" herein has meaning 
beyond the classical definition, and therefore, shall 
include any disease state where CD4~CD8~ T cells act as 
accessory cells, for example, to induce the immune system 
to result in destruction of organism cells. 
3 . Examples 

The following examples detail materials and methods 
employed in the experimental procedures that follow: 

Figure 1 shows the maximum K+ conductance, g K , of CD4~ 
CD8-Thy-i. 2 + T cells from normal mice and from mice with 
genetically determined SLE or type 1 diabetes mellitus 

ru gig0hm 8631 patch - cla *P technique was employed 

25 [Hamill e^, Pflugers Arch 391, 85 (1981) ] . cells were 
separated and stained as described infra. . Maximum K+ 
conductances (g K ) of CD4-CD8- T hy-l. 2+ T cells were 
determined from the maximum peak K+ current elicited at +40 
mv (holding potential -80 mV) , assuming a reversal 
potential for K+ of - 80 mV . ^ experiments were dQne at 
room temperature (22- to 26'C) . The cells under 
investigation were bathed in Ringer solution (in mM) : 160 
NaCl, 4.5 KC1, 2 MgCl 2 , 1 CaCl 2 , 2 MgCl 2 , and 10 K-HEPES 
(PH 7.4). The patoh pipette contained 134 KF, n K 2 -EGTA 
1.1 CaCl 2 , 2 MgCl 2 , and 10 K-HEPES (pH 7.2). Each point 
represents g K in one single cell except the ones with the 
bars that reflect the mean±SD of previously reported data. 



20 



30 



35 



WO 90/10871 



-12- 



PCI7US90/01197 



The data from C3H (n=12) , C3H-lpr (n=22) , C3H-gld (11=26), 
and MRL-lpr (n=31) are taken from Grissmer et al . . J. 
Immunol. 141 . 1137 (1988) and Chandy et al . f Science 233 r 
1197 (1986)2, respectively, and are included in the graph 
5 for comparison. Three types of voltage-gated K 4 " channels 

(n,l,n') are expressed by murine T cells, which can be 
distinguished by electrophysiological and pharmacological 
criteria. DeCoursey et al. . J. Gen. Physiology 89 , 379 

(1987) . 

10 _gK of CD4"CD8" T cells from three young MRL-+/+ mice, 

before the onset of clinically symptomatic disease and two 
old MRL-+/+ mice with lupus nephritis (proteinuria: >2000 
mg protein/dl) was determined as described above in 
connection with Fig. 1. Each point represents g K in one 

15 single cell except the ones with the bars that reflect the 
mean±SD of previously reported data (Grissmer et al . . J. 
Immunol . 141 , 1137 (1988) and Chandy et al . . Science 233 . 
1197 (1986).) See Figure 2. 

Splenic CD4"CD8"Thy-1.2 + T cells from mice with 

20 clinically evident SUE (MRIi-+/+, NZBxSWR, NZBxNAW, BXSB- 
males) display numerous type 1 K+ channels/cell (Figure 1) 
with an average g K of 4550±254 pS (mean±SEM, n=76) . 
Dividing the g K by the single channel conductances [Lewis 
et al . , Science 239 . 771 (1988)] gives an estimate of 100- 

25 200 type 1 K+ channels. Previous data on K+ channel 
expression in CD4"CD8"Thy-l. 2 + T cells from C3H-lpr (g K : 
5223±565 pS ; mean+SEM, n=22) , C3H-gld (g K : 5092 ±503 pS; 
mean±SEM, n=26) , MRL-lpr (g K : 4600±600pS; mean±SEM, n=31) 
mice [Grissmer et al, . J, Immunol. 141 . 1137 (1988) and 

30 Chandy et al.. Science 233., 1197 (1986)], is presented for 
comparison. Occasionally, cells with small numbers of type 
n K+ channels were observed"; these may represent normal 
cells. In contrast, CD4~CD8~Thy-l. 2 + T cells from the 
spleen and lymph nodes of normal mice (C57BL, BALB/c) , 

35 varying in age from 1-19 months, express types n, 1 or n' 
IT 1 " channels, with a low average g K of 458±63 pS (mean+SEM, 
n=39) representing about 10-20 K+ channels/cell. Thus, 
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CD4-CD8-Thy-i. 2 + T cells from every murine model for SLE, 
dxsplay an abnormally elevated number of type 1 k+ 
channels, demonstrating from the (as labeled) Lupus models 
that the alteration is linked to the disease. 
5 Besides the murine SLE models, the non-obese diabetes 

(NOD) mouse strain is another genetically determined murine 
model for autoimmune disease [Makino et al. r Exp. Anim 29 
1 (1980) and Hattori .et al., science ^ 733 (1986 77' 
These mice spontaneously develop type 1 diabetes mellitus 

10 CD4 CD8" and CD 4 - C D8+ T cells have been . implicated in the 
pathogenesis of this disease [Miller et al. r Nature 307 
465 (1984), O'Neil et^, J. Immunol. 140, 52 (1988) and 
Koxke et al. , Diabetes 36, 539' (1987)]. The role of CD4"~ 
CD8-Thy-l.2+ T cells has not been examined. Splenic C D4 - 

15 CD8-Thy-1.2+ T cells from NOD mice with clinical evidence 
of type 1 diabetes mellitus, exhibited large numbers of 
type 1 K+ channels, with an average g K of 5795±12S3 pS 
(mean±SEM, n=21) , reflecting about 200 type 1 K + 
channels/cell. This pattern of K+ channel expression is 

20 almost identical to that in CD4-CD8- T hy-1. 2+ T cells from 
SLE mice, showing a common mechanism underlying type 1 
diabetes mellitus and SLE. A relatively larger fraction of 
the splenic CD4~CD8~ T cells (421) in mice with type 1 
dxabetes mellitus, displayed lower g K than observed in SLE 

25 mice (4/76). This difference in K+ channel expression in 
the spleen may reflect the organ-specific nature of the 
autoimmune manifestations in type 1 diabetes mellitus 
vhxch are primarily confined to the pancreas, and the 
systemic autoimmune manifestations in SLE. 

30 since murine SLE and type 1 diabetes mellitus are 

genetically determined diseases, alteration in k+ channel 
expression may be present from birth. To address this 
question a comparison of K+ channel expression in 
CD4-CD8-Thy-1.2+ T cells from young and old MRL-+/+ mic e 

35 was undertaken. CD4~CD8~Thy-l . 2 + T cells from young MRL- 
+/+ »ice displayed an order of magnitude fewer K+ channels 
(g K : 295±9l P s; mean±SEM, n=ll; -10 channels/cell) compared 
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to older MRL-+/+ (?K : 5306±518 pS; mean+SEM, n=18 ; -200 
channels/cell) with clinical evidence of lupus nephritis 
(Figure 2). Earlier data on CD4~CD8~Thy-l. 2 + T cells from 
young healthy C3H-lpr (gR : 324±67 pS; mean±SEM, n=17 ; -12 
5 channels/cell) mice are presented for comparison. The 
pattern of KT** channel expression in autoimmune mice, prior 
to the onset of clinically symptomatic disease, resembles 
that in CD4~CD8~Thy-l. 2 + T cells from normal mice (compare 
Figs. 1 and 2) . These data demonstrate that abnormal 
10 channel expression in CD4"CD8" T cells parallels the 
development of disease and reflects the ability of these 
cells to induce the secretion of pathogenic anti-DNA 
autoantibodies . 

Experimental " allergic encephalomyelitis (EAE) is 
15 considered to be a model for human multiple sclerosis. 
Mice inoculated with myelin basic protein develop paralysis 
within 1-2 weeks (acute EAE). Some of these mice recover 
and then develop a chronic relapsing disease (chronic EAE) 
which closely resembles human multiple sclerosis. CD4"CD8" 
20 Thyl.2 4 " splenic T cells were isolated from mice with chronic 
EAE and their K 4 " channel expression was studied. A greater 
frequency of cells exhibited large numbers of type .1 K" 1 " 
channels compared to normal mice. This pattern of K 4 * 
channel expression is similar to that in CD4~CD8""Thyl. 2 + 
25 from mice with SLE and type-1 diabetes mellitus, showing a 
common mechanism underlying these three distinct autoimmune 
diseases. A larger fraction of CD4~CD8~Thyl. 2 + cells had 
normal numbers of K+ channels/cell compared with mice with 
SLE. The autoimmune process in chronic EAE is primarily 
30 confined to the nervous system and changes in the spleen 
would not be as evident as in SLE which is primarily a 
systemic autoimmune disease with a major autoimmune process 
taking place in the spleen. 

Other subsets of T lymphocytes (CD4 + CD8~ or CD4"CD8 + ) 
35 from diseased BXSB-male mice and from C3H- lpr , C3H- qld mice 
exhibited small numbers of types 1, n, or n' K+ channels 
like phenotypically identical cells from normal mice. 
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Normal mitogen activated T cells express -200 type n K+ 
channels/cell [DeCoursey et al . r J. Gen. Physiol . 89 . 405 
(1987)], in contrast to the numerous type 1 K+ channels 
displayed by CD4"CD8-Thy-1.2 + T cells in mice with SLE and 
5 type 1 diabetes mellitus. These data demonstrate that 
abundant type 1 K+ channel expression is an unique feature 
of diseased CD4~ CD8"" T cells, and is different from the 
pattern of K+ channel expression in normal T cells induced 
by mitogens. 

10 K" 1 " channels were identified on the basis of their 

inactivation properties, channel closing kinetics, and 
sensitivity to block by tetraethylammonium (TEA + ) . 
Typically type n K+ channels are use-dependent, i.e., show 
cumulative inactivation by repetitive depolarizing pulses. 
15 Use dependence was determined by measuring the decline in 
the size of the peak K+ current elicited with one per 
second repetitive depolarizing pulses of 2 00 ms duration. 
Type n K+" channels also close slowly upon repolarization 
with a time constant of about 30 ms at -60 mV and are 
blocked by TEA+ (K D = & mM) . Type 1 K+ channels are not 
use dependent, close more rapidly on repolarization with a 
time constant of 2 ms at -60 mV, and are much more 
sensitive to block by TEA+ (K D = o.i mM) . Type n/ K+ 
channels are not use dependent, close slowly like type n K+ 
channels upon repolarization, but are less sensitive to 
lock by TEA + (K D -100 mM) . 

For the above experiments, mice were housed in the 
Vivarium at U.C. Irvine, and care was taken in accordance 
with institutional guidelines. The mice were lightly 
30 anesthetized with metofane, and sacrificed by cervical 
dislocation.. The spleen was removed and single cell 
suspensions prepared. Cells- were washed three times with 
RPMI-1640 (Irvine Scientific, Santa Ana, CA) supplemented 
with 10% fetal calf serum (Hyclone, Logan, Utah). Cells 
35 were resuspended at 10 x 10 6 cells/ml and T cells separated 
from non-T cells by a nylon wool column. The cells were 
washed three times in medium, and resuspended at 1-2 x 10 6 
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cells/ml'. The cells were stained as follows: Cells were 
first incubated on ice for 3 0 minutes with rat-anti-mouse- 
CD4 and rat-anti-mouse-CD8 antibodies , washed three times in 
medium, incubated for 3 0 minutes on ice with phycoerythrin- 
5 conjugated goat-anti-rat-IgG (affinity purified and absorbed 
for mouse Ig) , washed three times in medium, incubated on 
ice for 30 minutes with fluoresceinated rat-ant i-mouse-Thy- 
1.2 r washed three times in medium, and then resuspended at 2 
x 10 6 cells/ml in medium. The cells were then patch-clamped 
* 10 as described in .the Fig. 1 legend. CD4~CD8~Thy-l. 2 + T cells 
were identified as green cells. Other T cells (CD4 + CD8~Thy- 
1.2 + , CD4"CD8 + Thy-1.2 + , ) were yellow, and B cells and 
monocytes (CD4~CD8~Thy-1..2~) were unstained. 

The mice used were: C57BL: 6 and 19 months; BALB/c: 
15 1 and 7 months; BXSB-males: 2 mice aged 4 months; NZBxNZW: 
2 mice aged 6 months, one aged 9 months; NZBxSWR: 3 mice 
aged 7-8 months; old MRL-+/+: 2 mice older than 20 months; 
NOD mice: 6 and 9 months; young MRL-+/+: 6, 10, and 12 
months . 

20 A. Assay for screening drugs 

1) Studies on mouse lymphocytes 

a) Sacrifice of mice: Mice with 
autoimmune diseases (for example, systemic lupus 
erythematosus or type-1 diabetes mellitus) are sacrificed 

25 humanely by cervical dislocation after light anesthesia with 
metofane. 

b) Isolating T cells from spleen, thymus 
or lymph nodes: The spleen, thymus, and lymph nodes are 
removed from the animal and single cell suspensions 

3 0 prepared by crushing the organ with the barrel of a syringe 
through a wire mesh. The cells are then washed three times 
with a cell sustaining medium*, for example RPMI-1640 medium 
supplemented with heat inactivated fetal calf serum (10%) , 
1-glutamine (1 mM) , and appropriate antibiotics (for example 

3 5 penicillin/streptomycin) . The cells are then counted and 
resuspended at a concentration of 10 x 10 6 cells/ml. 50 x 
10 6 cells are then placed on a nylon wool column to separate 
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T cells from other blood cells as described previously in 
Grissmer et al. J. Immunol . 41 f 1137 (1988) . 

e) Staining: The T cells are incubated 
with anti-CD4 and anti-CD8 antibodies in the cold for an 
5 .appropriate period (for example, 20-30 minutes), washed in 
the RPMI-1640 medium described Supra , incubated in the cold 
with an appropriate dye-conjugated second antibody (for 
example , phycoerythrin-con jugated goat-anti-rat i gG 
antibody) , washed in the medium described Sunr a . and 

10 incubated in the cold with an appropriate dye-conjugated T 
cell specific antibody (for example f luorescein-con jugated 
anti-Thy-1.2, or anti-CD3, or anti-T cell receptor), washed 
with medium described Supra, and then resuspended at 1-5 x 
106 cells/ml in medium, and used for the experiments 

15 described below. The CD4~CD8'~ T cells are then identified 
under the fluorescence microscope as cells expressing t 
cell-specific molecules like Thy-1.2, CD3 or T cell 
receptors, and not expressing the CD4 or CDS molecules. 

2) Studies on other animal systems 

20 Similar approaches are used to isolate, identify and 

evaluate for exploitation according to this invention CD4" 
CD8 T cells in other animal models, including humans, that 
express the CD4 and CDS molecules in the immune system. 

3) Studies on human cells 

25 a) Separation of cells from blood: Blood 

from patients with autoimmune diseases, for example 
systemic lupus erythematosus are collected. Mononuclear 
cells are separated from the blood on a density gradient 
for example, Ficoll-Hypaque. The mononuclear cells are 
30 washed with the medium described Supra . and T cells 
isolated either by the nylon wool column method described 
supra, or by resetting with sheep red blood cells as 
described in Chandy et al. J. Exp. m«h. 160 . 369 (1984) or 
by any other standard method available. T cells are 
similarly isolated from available lymphoid tissues. 

b) Staining: The cells are stained as 
described Supra, first with anti-CD4 and anti-CD8, followed 
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by an appropriate dye-conjugated second antibody, for 
example, phycoerythr in-conjugated goat-anti-mouse igG 
antibody, followed by an appropriate dye-conjugated T-cell- 
specific antibody, for example, fluorescein-conjugated 
5 anti-CD3, or anti-CD2, or anti-T cell receptor, or anti- 
Leu-2. The CD4~CD8~ T cells are then identified under the 
fluorescence microscope as cells expressing T-cell-specif ic 
molecules like CD3 or CD2 or Leu-1 or T cell receptors, and 
not expressing the CD4 or CD8 molecules. 
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4) Electrophysiological recordings: 

The cells are placed into a recording 
chamber and CD4~CD8- T cells identified appropriately with 
an inverted microscope under fluorescent light, as 
5 described Supra. m cases where the predominant population 
of T cells is CD4-CD8-, for example, in lpr and am mice or 
CD4-CD8" cell lines, staining may not be required to 
identify the cells. These cells are studied 

electrophysiologically using the patch-clamp technique 
10 (Hamill et al. Pfluoers A-roh _ 391 . 85 (i9 8i ) . 

a) Solutions: The cells under 
investigation are bathed in normal mammalian Ringer solution 
(160 mM Naci, 4.5 mM KC1, 2.0 mM CaCl 2 , 1.0 mM MgCl 2 , 5 mH 
HE PES , adjusted to pH 7.4 with NaOH; 290 to 320 mosm) . 

15 Other cell-sustaining solutions can also be used. The patch 
pipette contains an appropriate solution, for example: 134 
mM KF, 11 mM EGTA, 1 mM CaCl 2 , 2 mM MgCl 2 , 5 mM HEPES, 
adjusted to pH 7.2 with KOH; 285 to 310 mosm. 

b) Identification of type 1 K+ channels: 
20 By varying the voltage across the membrane, voltage-gated 

ion channels are opened and ion movement through these 
channels is measured as ionic current. Several distinct 
channel types have been characterized using a variety of 
electrophysiological techniques (Hille B: Ionic ch.nn.Tc 

25 of excitable membranes , Sinauer Associates, Sunderland, MA 
(1984). These channels are distinguished on the basis of 
electrophysiological and pharmacological criteria. Type i 
K+ channels are identified in the patch-clamped cells on 
the basis of their inactivation properties, channel-closing 

30 kinetics, sensitivity to block by TEA+, single channel 
amplitude, and voltage dependence of activation as 
described in detail by DeCoursey et al. J. Gen. Phy Hni 89 , 
379 (1987).. 

c) Drug testing: After having identified 
35 the i type K+ channels, the bathing solution is changed and 

replaced by a solution containing the drug of interest. 
The effect of the drug on the type 1 K+ channels is 
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monitored electrophysiological^, for example, changes of 
in activation properties, or channel closing kinetics, or 
block , or shift in voltage dependence or activation, or 
alteration of single channel amplitude, etc. The same 
5 procedures are used to screen a battery of test materials 
on the same cell or on other cells containing type 1 K + 
channels* The selectivity of this drug to type 1 K 4 " 
channels is determined by testing the effect of these test 
materials on other ion channel types, for example, type n 

10 K+ channels in T cells. Drugs that modulate type 1 

channels selectively and with great potency are identified. 

d). Preparation of antibodies against type 
1 K 4 " channels: The genes encoding type 1 K+ channels are 
isolated by standard recombinant DNA techniques such as 

15 described in Weir et al. . Handbook of Experimental 
Immunology, Vol. 3 (1986) and other available documents. 
These genes are used as templates to prepare type 1 K**~ 
channel proteins or peptides, which are used as antigens to v 
prepare antibodies against type 1 K+ channels. A second 

20 method for preparing antibodies against type 1 K+" channel is 
used with cells expressing large numbers of type 1 K + 
channels, isolating the cell surface proteins of these cells 
and using these proteins as antigens for the preparation of 
antibodies. The antibodies are screened for their ability 

25 to (a) effect type 1 K+ channels electrophysiological^ , as 
described Supra, or (b) for their ability to destroy cells 
expressing type 1 K+ channels, when the antibodies are 
conjugated to a cell toxin, or when the antibodies bind to 
the cell in the presence of complement, or (c) for the 

30 ability of radioisotope-, or dye-, or enzyme-linked 
antibodies to attach to the cells , attachment being 
monitored by fluorescence microscopy, by fluorescence cell 
sorting, by radioactive counting, or by enzyme-linked 
immunosorbent assays, or other appropriate techniques. 

35 e) Drug and/or antibody testing in 

autoimmune disease: Drugs or antibodies identified by the 
assays described su pra as being selective for type 1 K 4 " 
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channels are testing in vivo for efficacy in appropriate 
animal models, for example, for their ability to retard the 
onset and development of autoimmune diseases, or reverse 
autoimmune diseases. The route of administration of the 
5 drugs/antibodies can be oral, parenteral, or via the 
rectum, and the drug could be administered alone as 
principals, or in combination with other drugs or 
antibodies, and at regular intervals or as a single bolus 
or as a continuous infusion in standard formations. Drugs 
or antibodies described supra are also tested in in_vitro 
assays, for example, for their ability to stimulate B cells 
from autoimmune patients or animal models to secrete 
autoantibodies . 



10 



15 



or 



f) A treatment protocol: Drugs ut 

antibodies identified by the assays described above are 
tested for safety in humans as per Federal guidelines. 
These drugs or antibodies described supra are administered 
via standard formulations to patients with autoimmune 
diseases, again either orally, parenterally , rectally 
20 alone or in combination, at regular intervals or as a 
single bolus, or as a continuous infusion, for modulating 
type i K+ channels in the CD4"*CD8'~ T cells thereby 
abrogating their abnormal accessory helper, function and 
impacting on the course of the autoimmune disease. 
25 B - Other Murine Autoimmune Disorders: 

Mice 

DBA-J/Lac-J male mice were purchased from the Jackson 
Laboratory (Bar Harbor, ME). They were injected 
intradermal^ near the base of their tails with lOOug of 

30 highly purified chick type II collagen emulsified in 
complete Freunds Adjuvant (CPA) that contained additional 
Mvcobactr inm butyric (Difco) . The collagen/CFA emulsion 
was prepared by adding 1 volume of modified CFA (30 ug of 
M. butyricum per 50 ul of o.oi N acetic acid). Animals 

35 were immunized with 100 ul of this mixture using a 26 gauge 
needle. One group of control animals was not injected and 
another group was injected with modified CFA without 
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collagen. Paw thickness was measured with a Schnell taster 
constant-tension caliper. The type II collagen was 
prepared from chick sternal cartilage by established 
methods Miller , Biochemistry 10 , 1652 (1971) . 
5 E.coli (ATCC 8739, wild type) was homogenized in a 

Manton-Gaulin homogenizer at 6000 psi for 5 min, and heat- 
inactivated for 30 min at 60 °C. The bacteria were then 
adjusted to a concentration of 0.5 mg/ml stock in phosphate 
buffered saline (PBS) . BALB/c mice were then immunized 

10 intraperitoneal ly with 1 ml of solution containing 0.5 ml 
antigen (15 ug. E. Colil in PBS and 0.5 ml CFA. Mioe 
received booster injections of antigen (15 ug E« Coli l and 
incomplete Freund's adjuvant 4 weeks and 6 weeks later. 
Mice were sacrificed 1 week after the second booster 

15 immunization. 

(2) Antibodies: PE-conjugated-anti-CD4 (L3T4) , FITC- 
con jugated-anti-CD8 , FITC-conjugated-anti-Thy-1 , 2 , anti-CD4 
and anti-CD8 were purchased from Becton Dickinson (Mountain 
View, CA) . PE-conjugated-goat-anti-rat igG (affinity 

20 purified and absorbed against mouse IgG) were purchased 
from Caltag (Rupp and Bowman, Tustin, CA) . 

(3) Separation of T Cells: Mice were killed, and 
single-cell suspensions were prepared from the spleen. T 
cells were enriched by passage through a nylon wool column. 

25 Cells were then suspended in RPMI-1640 medium supplemented 
with 10% heat-inactivated FCS (Hyclone, Logan, UT) and 2 
mM 1-glutamine (medium) . 

(4) Staining: Cells (2xl0 6 ) were incubated with an 
appropriate dilution of anti-CD4-PE and anti-CD8-FITC for 

30 30 min on ice, washed three times with medium, and 
resuspended in 1 ml of medium. The stained cells were 
plated into glass chambers* and the CD4 + CD8~ (appears 
orange) and CD4CD8+ (green) were identified by 
epi fluorescence microscopy. To identify DN T cells, cells 

35 were incubated with anti-CD4 and anti-CD8 for 30 min on 
ice, washed three times with medium, incubated with 
PE-labeled-goat-anti-rat IgG for 30 min on ice, washed five 
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NaCl was replaced by the appropriate TEA + concentrations 
keeping the osmolarity constant • The bath solution could 
be changed during recordings by bath perfusion. 

Xdentif ication of K+ channel typ e; channels were 

5 identified on the basis of their inactivation properties, 
channel closing kinetics, and sensitivity to block by TEA 4 " 
(Chandy, et al. Eur. J. Immunol, (in press); Lewis and 
Cahalan (1988), Science 239, 771; Grissmer, et al. (1988), 
J. Immunol. 141, 1137; Chandy, et al. (1986), Science 233, 

10 1197; DeCoursey, et al. (1987), J. Gen. Physiol. 89, 379; 
DeCoursey, et al. (1987), J. Gen. Physiol. 89, 405). Type 
n K + channels are use-dependent, close slowly upon, 
repolarization with a time constant of about 3 0 ms at -60 
mV and are blocked by TEA+ (K D = 8mM) . Type 1 K+ channels 

15 are not use-dependent, close more rapidly on repolarization 
with a time constant of 2 ms at -60mV, and are much more 
sensitive to block by TEA 4 " (Kq = 0.1 mM) . Type n7_ 
channels are not use-dependent, close slowly as do type n 
K+ channels upon repolarization, but are less sensitive to 

20 block by TEA+ (K D - 100 mM) . 

Determination of maximal K* conductance (<^y) and 
number of K+ channels per cell . g K was calculated from the 
largest K+ current recorded in each cell. A reversal 
potential of -80 mV was used to calculate g K (Cahalan, et 

25 al., J. Physiol. 358, 197 (1985). The number of 

channels per cell was calculated by dividing g K by the 
single-channel conductances of the appropriate channel 
type; the single-channel conductances are 18, 27, and 17 pS 
for n, 1 and ni, respectively (Chandy, et al. Eur. J. 

30 Immunol, (in press); Lewis and Cahalan (1988), Science 239, 
771); Grissmer, et al. (1988) J. Immunol. 141, 1137). 

RESULTS 

DN T cells from mice with collagen arthritis possess 
abnormally large numbers of type 1 K+ channels . Fig. 3 
35 shows K+ outward currents in DN T cells from normal 
DBA/l-LacJ mice and mice with collagen arthritis. In the 
experiments shown in the upper panel, the decline in the 
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size of the K+ current elicited by a repetitive (i/ S ) 
depolarizing voltage-step from -80 mV to +40 mV for a 
duration of 200 ms was measured. This property of K+ 
channels which is termed use dependence is characteristic 
5 of type n K + channels, but not of type 1 or nl. Another 
feature of type n K+ channels is their closing kinetics 
during membrane hyperpolarization, after an initial period 
of depolarization. This property called deactivation or 
tail currents is shown in the bottom panel of Fig. 3 Xn 

10 these studies, the membrane potential was held at -80 mV 
then stepped to +40 mV for a 15 ms duration to open all the 
channels, and then stepped back to either -30 or -60 mV 
Type n and nl channels close ' slowly (time constants for 
closure are 75 ms and 40 ms at -30 mV and -60 mV 

15 respectively,, whereas the X k+ channels close rapidly 
(time constants for closure are 6 ms and 2 ms at -30 mV and 
-60 mV, respectively. 

Normal DN T cells (left panel of Fig. 3 ) have small K+ 
currents that are use-dependent (top), display slow 

20 deactivation kinetics (bottom) , are half-blocked by 10 mM 
TEA (not shown), indicating that they express small 
numbers of type n K+ channels. DN T cells from diseased 
mice have large K+ currents (right panel of Fig. 3) that 
are not use dependent (top), exhibit rapid deactivation 

25 kinetics (bottom), are half-blocked by o.l mM TEA+ (not 
shown) , indicating that these cells express an abundance of 
type 1 K+ channels. 

Fig. 4a shows the maximum K+ conductance or gRmax' of 
splenic DN T cells from normal and diseased mice, and 
Fig. 4b represents the fraction of cells with large numbers 
of type 1 K+ channels. The upper limit for the g K of DN t 
cells from normal DBA/l-LacJ mice, is 1000 picosiemen (p S ) 
with an average of 299 ± 78 pS. The g K of DN T cells from 
three other normal strains of mice (C3H-HeJ, BALB/c and 
C57BL) are shown for comparison (g K = 405 ± 53 pS; mean ± 
53 p S ; mean ± SEM; n = 51). These data indicate that 
normal DN T cells express roughly 10-20 K+ channels/cell of 
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types n, 1 or nl. In marked contrast, 14 out of 34 DN T 
cells from diseased DBA/l-LacJ mice immunized with type II 
collagen, exhibited a g K greater than 1000 pS (Fig. 4a and 
4b) , and the channels in these cells were exclusively type 
5 1, averaging 180 channels/cell. Interestingly, DN T cells 
exhibiting large numbers of type 1 channels were 

substantially fewer (3/25) in DBA/I-LacJ mice immunized 
with type II collagen with no obvious clinical signs of 
arthritis (Fig. 4a and 4b) compared with mice with obvious 

10 disease. These data show that elevation of type 1 K* 
channel expression in DN T cells parallels the development 
of collagen arthritis. 

Other T-cell subsets from diseased mice retain their 
normal pattern of expression . Fig. 5 shows the g K of 

15 helper (CD4 + CD8~) and cytotoxic (CD4~CD8 + ) T cells from 
normal and diseased mice. CD4+CD8" T cells from both 
normal and diseased mice exhibited small number of K+ 
channels, (averaging 10-20 channels per cell) , which were 
predominantly type n. CD4"CD8 + T cells from mice with 

20 collagen arthritis displayed small numbers of types nf_ or 1 
K*" channels like their phenotypic counterparts from normal 
mice. Thus, the augmentation of type 1 K+ channel numbers 
associated with disease, appears to be a feature confined to 
DN T cells. 

25 Abundant type 1 K+ channel expression in DN T cells is 

not a feature of a generalized immune response in vivo . To 
discern whether the enhanced numbers of type 1 K 4 " channels 
in DN T cells were unique to autoimmune disorders, or 
whether it reflected a generalized immune response in vivo r 

30 DN T cells were examined from mice immunized with either 
heat-killed E. Coli or CFA (Fig. 6) . Mice received either 
one CFA immunization (26 days before patch=-clamp 
experiments) or booster, doses of CFA either 62 or 26 days 
before or 26 and 2 days before patch-lamp experiments. ND 

35 T cells from these mice possessed small numbers of types n, 
1 or ni channels, regardless of whether they received one 
immunization or booster doses. Since T cells activated by 
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mitogens in vitro , en iarge (have an average membrane 
capacxtance > a pF corresponding to a cell diameter > 8 
urn) , we compared g K of large (> 2 pF) and snail « 2 pF) DN 
T cells in CFA immunized mioe. g K of large cells (580 + 
5 170 P S; mean ± SD; n = 5) was not significantly different 
from that of small cells (500 ± 275 pS; mean ± SD; n = 27) 
Similarly, DN T cells from mice immunized with heat-killed 
E - 0011 als ° dis P^y ^all numbers of K+ channels of one of 
the three types. Taken together these data show that 
10 expression of a high number of type 1 K+ channels by DN T 
cells is associated with symptoms of autoimmune diseases 

Studies with the patch clamp recording technique have 
revealed the presence of three distinct types of voltage- 
gated K channels in murine T cells (Chandy, et al. Eur J 

15 Immunol, (in press); Lewis and Cahalan (1988), Science 23 9 " 
771); Grissmer, et al. (1988) J. Immunol. 141, 1137)' 
Chandy, et al. (1986) Science 233, 1197). These channels 
termed n., ^ and 1 are distinguishable on the basis of 
biophysical and pharmacological criteria. Helper and 

20 cytotoxic T cells can be differentiated on the basis of 
their pattern of K" 1 " channel expression. CD4 + CD8~ (helper) 
T cells display about 20-100 type n K+ channels whereas 
CD4-CD8+ (cytotoxic) T cells exhibit 20-200 type 1 k+ 
channels (Chandy, et al. Eur. J. Immunol, (in press); Lewis 

25 and Cahalan (1988), Science 239, 771; Grissmer, et al 
(1988) J. Immunol. 141, 1137). Mitogen-activated T cells 
express about 20-times more K+ channels than unstimulated 
cells, which are exclusively type n (22). Quiescent DN T 
cells possess small numbers of one of these types of 

30 channels (Chandy, et al. Eur. J. Immunol, (in press) 
Grissmer et al. (1988) j. Immunol. 141, 1137). Abundant 
type 1 k+ channel expression* is a marker for DN T cells 
associated with murine SLE, type-1 diabetes mellitus or 
chronic eae; other T-cell subsets from mi<:e with these 

35 autoimmune diseases retain their normal pattern of K+ 
channel expression. Here, we have extended our 
observations to mice with type 11 collagen arthritis, an 



SOOCIO:<WO 9010671 At > 



WO 90/10871 PCI7US90/01197 

-28- 

autoimmune disorder that shares many immunological features 
with SLE, type 1 - diabetes and chronic EAE. 

A substantially large fraction of DN T cells, from 
mice and active type II collagen arthritis, display 
5 elevated numbers of type 1 K+ channels. In contrast, 
phenotypically similar cells from normal mice (Fig. 3 and 
4), or from mice immunized with CFA or heat-killed E. Coli 
(Fig. 6) , or mice inoculated with type II collagen without 
evidence of active disease, exhibit small numbers of K+ 

10 channels which may be types n, ni or 1. The pattern of K 4 * 
channel expression in helper (CD4 + CD8~) and cytotoxic 
(CD4"CD8 + ) T cells from arthritic mice closely resemble 
that of their phenotypic equivalents in normal strains of 
mice. Thus, altered K+ expression appears to be a marker 

15 for DN T cells associated with four disparate autoimmune 
disorders . 

Recent reports show that gamma/delta DN T cells 
respond to mycobacterial antigens and accumulate in leprosy 
skin lesions, cutaneous leishmaniasis, and rheumatoid 

20 arthritic joints (Modlin, et al. (1989), Nature 339, 544); 
Holishitz, et al. (1989), Nature 339, 226).* By inducing 
the aggregation of monocytes, these DN T cells may 
contribute to inflammatory processes (Modlin, et al. 
(1989), Nature 339, 544). Alpha/beta TCR + DN T cells have 

25 been reported to act as helper cells, inducing autoreactive 
B cells to secrete pathogenic Anti-DNA antibodies (Datta, 
et al. (1987), J. Exp. Med. 165, 1252); Sainis and Datta 
(1988), J. Immun. 140, 2215). DN T cells have also been 
reported to abrogate oral tolerance (Kitamura, et al. 

30 (1987), J. Immunol. 139, 3251). Collectively, these 

observations show that DN T cells apparently have a 
significant role in biologically relevant immune responses 
and apparently are involved in the mechanisms that result 
in tissue damage found in autoimmune diseases. Activation 

35 via a pathway distinct from that triggered by mitogens or 

antigens (e.g., E. coli or CFA), may induce abundant 

expression of type 1 K+ channels on DN T cells, regardless 
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of the type of tcr they display on their cell surface 

All of the various references cited herein are hereby 
expressly incorporated by reference herein. 

5 that^ t° reg ° ing desc -P*i°n details specific methods 
that can be employed to practice the present invention. 
Having detailed specific methods initially used to identify 
an etiological manifestation of autoimmune diseases, namely 
elevated type 1 ion channel expression in abnormal T cells 

xo lit aT t skilled wil1 wel1 enough i ™~ *° «-±- 

10 alternative reliable methods for arriving at the same basic 
information and for extending this information to other 
species including humans. Thus, however detailed the 
foregoing may appear in text, it should not be construed as 
limiting the overall scope hereof; rather, the ambit of the 

15 present invention is to be governed only by the lawful 
construction of the appended claims. 



NSOOCID:<WO 9010871 A1> 



WO 90/10871 



PCT/US90/01197 



-30- 

Claims ; 

1. An assay for screening and identifying extrinsic 
materials having a modulating effect on type 1 K 4 * channels 
5 of abnormal T cells linked to an autoimmune disease 
comprising the steps comprising: 

a) providing a culture of T cells, abnormal by their 
exhibiting unique K + channel alteration 
characteristic of and linked to an autoimmune 

10 disease characterized by elevated numbers of type 

1 channels, 

b) contacting said culture of cells with one or more 
of a battery of test materials that can 
potentially modulate the type 1 K* 1 " channels 

15 thereof, 

c) monitoring the effect of said test materials on 
said type 1 K+ channels, and 

d) selecting candidates from the battery of test 
materials capable of modulating type 1 K 4 * 

20 channels ♦ 

2. An assay according to Claim 1 wherein the 

monitoring of step c.) is conducted by measuring the 

electrical current through the K+ channels bathed with said 
25 test material. 



3. An assay according to Claim 2 wherein the 
selecting of step d.) is based upon test material inducing 
little or less than normal electrical current through the 

30 type 1 K 4 " channels, 

4. An assay for diagnosing an autoimmune disease 
comprising the steps comprising: 

a) providing T cells containing K 4 " ion channels from 
35 a test individual, 

b) identifying abnormal T cells from among the 
population -of T cells of step a), 
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c) 
d) 



measuring the relative numbers of type 1 k+ 
channels of the cells identified in step b) , and 
determining whether said type 1 K+ channels are 
elevated over normal. 



5. The assay according to claim. 4 wherein the 
measuring of step c.) is conducted by measurement of 
electrical current through the type 1 K+ channels. 

10 6 * The assav according to claim 5 wherein the 

determining of step d.) is based upon measurement of 
electrical current through type 1 K+ channels or by the 
intensity of dye staining in a normal phenotypically 
similar T cell. 

15 

7. A method for treating an individual suffering 
from an autoimmune disease comprising contacting the immune 
system T cells of said individual with an extrinsic 
material having a modulating effect on type 1 K+ channels 

20 in abnormal T cells linked to an autoimmune disease. 

8. The method according to Claim 7 wherein said 
material is conjugated with a cytotoxin and has functional 
means to locate said abnormal T cells. 

9. The method according to Claim 8 wherein said 
material is conjugated with a cytotoxin and said functional 
means is an abnormal T cell specific antibody. 

10. The method according to claim 9 wherein said 
cytotoxin is ricin. 

11. The method according to Claim 8 wherein said 
material is associated with Psoralen. 

12. The method according to Claim 7 wherein said 
material is tetraethyl ammonium. 
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13, The method according to Claim 7 wherein said 
autoimmune disease is systemic lupus erythematosus. 

5 14 . The method according to Claim 7 wherein said 

autoimmune disease is diabetes. 

15. The method according to Claim 7 wherein said 
autoimmune disease is rheumatoid arthritis. 

10 

16. The method according to Claim 7 wherein said 
autoimmune disease is multiple sclerosis. 

17. The method according to Claim 7 wherein said 
15 autoimmune disease is myasthenia gravis. 

18*. The method according to Claim 7 wherein said 
autoimmune disease is Sjogren's syndrome. 

20 19. The method according to Claim 7 wherein said 

autoimmune disease is mixed connective tissue disease. 

20. The method according to Claim 7 wherein said 
material is identified as defined in Claim 1. 

25 

21. The method according to Claim 7 wherein said 
individual is identified as defined in Claim 4 . 

22. The method according to Claim 7 wherein the 
30 contacting is by parenteral administration. 

23. The method according to Claim 7 wherein the 
contacting is by oral ingestion. 

35 24. A test kit useful for the detection of an 

autoimmune disease comprising structure for receiving and 
testing a culture of T cells containing IT*" channels from a 
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test individual and means for 1) identifying abnormal T 
cells from among the population of T cells of said culture 
and 2) measuring the relative numbers of type 1 K + channels 
of said abnormal cells. 

5 

25. A candidate capable of modulating type 3L K + 
channels selected by the assay according to Claim 1. 



26. A process which comprises employing the candidate 
10 of Claim 25 in the preparation of a composition containing 
said candidate as an essential component, said composition 
being useful to impart its modulating properties when it is 
contacted in vivo with immune system abnormal T cells. 

15 27. The process of Claim 26 which comprises employing 

said candidate in the preparation of a composition 
containing said candidate as an essential component, said 
composition being useful to impart its modulating 
properties when it is contacted in vivo with immune 

20 abnormal T cells. 

28. The process of Claim 27, which comprises 
contacting said composition with a human subject. 

25 29. The process of Claim 28, wherein said contacting 

is accomplished via administration to said human subject. 

30. The method according to Claim 7, wherein said 
extrinsic material is a candidate according to Claim 25. 

30 

31. The assay according to Claim 4, wherein said 
autoimmune disease is rheumatoid arthritis. 
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